Heterocyclic systems containing benzothiazoles, carbazole (and azacarbazole) moieties have attracted the attention of chemists owing to these nuclei having been identi�ed in the literature as most promising pharmacophores in drug design and synthesis. Based on these observations, it could be anticipated that incorporation of the bioactive azepine moiety and quinoline moiety into the molecular framework of benzothiazoles fused to carbazole (and azacarbazoles) could produce interesting series of compounds 9-12 with enhanced biological activities, whose structure was unequivocally established from its microanalyses and spectral data.
Introduction
e search of compound libraries comprising of small molecules, with potential biological activities is a major focus of research in the area of chemical biology and medicinal chemistry. erefore, developments of efficient methodologies to access small molecules of medicinal utility are of special interest. Heterocyclic compounds are organic compounds containing at least one atom of carbon, and at least one element other than carbon, such as sulfur, oxygen, or nitrogen within a ring structure. Heterocyclic compounds are very widely distributed in nature and are essential to life in various ways. Benzothiazole is a heterocyclic compound, weak base, having varied biological activities and still of great scienti�c interest now a days. ey are widely found in bioorganic and medicinal chemistry with application in drug discovery. Benzothiazole moieties are part of compounds showing numerous biological activities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In the 1950s, a number of 2-aminobenzothiazoles were intensively studied, as the 2-amino benzothiazole scaffold is one of privileged structures in medicinal chemistry [13, 14] and reported cytotoxic on cancer cells [14] .
Condensed heterocyclic systems containing thiazole, carbazole, azacarbazole, azepine, and quinoline [15] [16] [17] nuclei have attracted the attention of chemists, on account of the signi�cant medicinal properties associated with them. In view of the prodigious range of activities of these compounds, it was considered worthwhile in the present work to undertake investigation on the synthesis of condensed nitrogen-sulfur heterocyclic systems containing above nuclei fused to the benzothiazole framework. It was proposed that synthesis of these condensed heterocyclic systems and evaluation of their biological properties would provide a rational approach to the study of structure activity relationship of these molecules.
Carbazoles and azacarbazoles (including pyridocarbazoles) show impressive cytotoxic activity and form interesting targets in synthesis since such structures have potential for the development of anticancer drugs [18] [19] [20] . Quinoline carboxylic acids have recently emerged as one of the potent materials useful as potential anti-HIV agents [21, 22] . Potent anti-HIV activity has also been observed in compounds containing diazepine and benzo-(pyrido-) fused diazepine nucleus. �reatly encouraged by the bioactive pro�les of these heterocyclic scaffolds, we intended to develop the bioactive molecules, which incorporated the structural features of these materials in a single molecular framework on the premise that their presence in tandem could contribute signi�cantly to the biological activity in the resulting materials by providing an additive affect on the overall potency of the molecules. Herein, we report the study projected towards the development of diazepine and quinoline carboxylic acid
Experimental Section
Melting points were determined in an open-glass capillary and are uncorrected. e purity of compounds were checked by TLC on silica gel (G) plates. e IR spectra were recorded on CE Schimadzu FTIR-8400S.
1 H NMR spectra were recorded in CDCl 3 /DMSO-d6 as solvent on AVANCE II 400 (Bruker) spectrometer using TMS as internal reference and values are expressesd in ppm. Mass spectra were recorded in micromass Q-T of micro.
Preparation of N-(6-Nitro-1,3-benzothiazol-2-yl)-acetamide (2).
2-Amino-6-nitro benzothiazole (1), 6.904 g, 0.02 mol) was added in a mixture of pyridine and acetone (1 : 8) and were re�uxed for half an hour. (Compound 1 is insoluble in water hence acetone was used, reaction gave better yield when performed with base pyridine). Aer that, acetic anhydride (10 mL) was added, and the contents were re�uxed on water bath for 2 hours, from which whitecotton-like needles settled on cooling. e crystals were washed with dil. HCl and �ltered. e recrystallization from methanol gave N-(6-nitro-1,3-benzothiazol-2yl)-acetamide (2). [5.234 g, yield 76%, m.p. 290-92
∘ C].
Preparation of N-(6-Aminobenzothiazole-2-yl)-acetamide (3).
Compound 2 (2.654 g, 0.0112 mol) in methanol (25 mL) and conc. HCl (9 mL) were taken in 250 mL round bottom �ask, and the mixture was heated on water bath (a bowl with water was put on a magnetic stirrer having temperature regulator, and then RBF was set onto it with a tiny magnet bar (but stirring was not started), and temperature was set at 80 ∘ C). To it iron powder (0.244 g, 0.044 mol) was added pinch by pinch for an hour with continuous stirring (with magnetic bar). e reaction mixture was further re�uxed for 1 h and then �ltered hot. e �ltrate was neutralized with aqueous ammonia (50%) until the dark-brown solid has completely separated out. e organic part was extracted with ethyl acetate. Evaporation of the solvent under reduced pressure gave the crude mass which was recrystallized from ethanol to give �ne dark-brown powder 3. 
Preparation of 2-(Hydroxymethylidine)cyclohexanone (5).
A mixture of sodium ethoxide (5.0 g), redistilled cyclohexanone (23.0 mL), ethyl formate (27.0 mL), and dry ether (440 mL) were taken in 1 liter round-bottomed �ask. e reaction was initiated by the addition of 2.0 mL of ethyl alcohol to the stirred mixture, which was then placed in cold water bath. Stirring was continued for 6 hrs. Aer standing the mixture overnight, ethyl alcohol (6.0 mL) was added, and the mixture was stirred for an additional hour. Aer the addition of water (45 mL), the mixture was shaken in a separatory funnel. 2-Hydroxymethylidine cyclohexanone (5) was obtained from the evaporation of the solvent aer giving the washing with water (it was used in the next step without further puri�cation). (6) . e procedure described above was used in the preparation of 6. Stirring a solution of 1-benzyl-4-piperidone (1.9 g), ethyl formate (1.0 mL), and sodium ethoxide (0.072 g) in dry ether (10 mL) for 1 h afforded 3-(hydroxymethylidine)piperidin-4-one, which was used in next step without further puri�cation.
Preparation of 1-Benzyl-3-(hydroxymethylidine)piperidin-4-one

Preparation of N-(6-Oxo-6,7,8,9-tetrahydro-5H-thia-
zolo [5,4-b] carbazole-2yl)acetamide (7) 2.
Preparation of Hydrazone.
A solution of N-(6-aminobenzothiazol-2-yl)-acetamide (3, 1.243 g, 6.0 mmol) in aqueous hydrochloric acid (3.5 mL conc. HCl in 7 mL water) was treated with cold saturated solution of sodium nitrite (1.31 g in 3.0 mL water), while the temperature was kept at 0 to 5 ∘ C. e solution was kept aside for 10 minutes. It was then added portionwise to an ice-cold mixture containing 2-(hydroxymethylidine)cyclohexanone (5, 0.756 g, 6.0 mmol), sodium acetate trihydrate (3.33 g), methanol (20 mL), and water (11 mL) over a period of 0.5 hr, with stirring. e content was allowed to stand for further 0.5 hrs and the resulting solid mass was �ltered, washed with water, dried, and recrystallized from ethanol to give hydrazone [1.19 g, yield 62%] (it was used for cyclisation in next step).
Cyclisation of Hydrazone.
A solution of hydrazone (X = CH 2 ) (2.404 g, 0.0076 mole) in a mixture of acetic acid (20.0 mL) and hydrochloride acid (5.0 mL) was re�uxed in an oil-bath preheated to 125-130 ∘ C for 0.5 hr. e contents were then cooled and poured into cold water with stirring. e separated brown solid (7) was puri�ed by passing through a column of silica gel using 50% benzene in petroleum ether as eluant to give 7. [ 
Preparation of N-(5-Benzyl-8-oxo-6,7,8,9-tetrahydro-5H-
pyrido [3,2-b] thiazolo [4,5- .0 mmol) in aqueous hydrochloric acid (3.5 mL conc. HCl in 7.0 mL water) was treated with cold saturated solution of sodium nitrite (1.31 g in 3.0 mL water) while the temperature was kept from 0 to 5 ∘ C. e solution was kept aside for 10 minutes. It was then added portionwise to an ice-cold mixture containing 3-(hydroxymethylidine)piperidin-4-one (6, 1.303 g, 6.0 mmol), sodium acetate trihydrate (3.33 g), methanol (20 mL) and water (11 mL) over a period of 0.5 hr with stirring. e contents were allowed to stand for further 0.5 hr, and the resulting solid mass was �ltered, washed with water, dried, and recrystallized from ethanol to give hydrazone [1.22 g, yield 49.8%] (it was used for cyclisation in next step).
Cyclisation of Hydrazone.
A solution of hydrazone (X = N-CH 2 -C 6 H 5 ) (3.09 g, 0.0076 mol) in a mixture of acetic acid (20.0 mL) and hydrochloride acid (5.0 mL) was re�uxed in an oil bath preheated to 125-130 ∘ C for 0.5 hr. e contents were then cooled and poured into cold water with stirring. e separated brown solid (8) (9) . 2,4,6-Trichloro-[1,3,5]triazine (1.84 g, 10.0 mmol) was added to DMF (2 mL) and maintained at 25 ∘ C. Aer formation of white solid, the reaction was monitored (TLC) until complete disappearance of TCT. en N-(6-oxo-6,7,8,9-tetrahydro-5H-thiazolo [5,4-b] carbazole-2yl)acetamide (7) (2.99 g, 10.0 mmol) in DMF (15 mL) was added. Aer the addition, the mixture was stirred at room temperature and monitored (TLC) until completion of reaction (20 hours). Water (20 mL) was added, then the organic phase washed with 15 mL of a saturated solution of Na 2 CO 3 , followed by 1 N HCl and brine. e organic layer was dried over the sodium sulphate. Evaporation of solvent gave 9. [ 
Preparation of N-(6-Oxo-5,6,7,8,9,10-hexahydroazepino[3,4-b]thiazolo[4,5-f]indol-2-yl)acetamide
Preparation of 10-Acetamido-7,13-dihydro-6H-thiazolo[4 � ,5 � :5,6]indolo[3,2-c]acridine-5-carboxylic Acid (11).
A mixture of isatin (1.47 g, 10.0 mmol) and N-(6-oxo-6,7,8,9-tetrahydro-5H-thiazolo [5,4-b] carbazole-2yl)acetamide (7) (2.99 g, 10.0 mmol) in 50% aq. EtOH (0.4 mL) containing KOH (0.4 g) was heated under re�ux for 20 hours and then diluted with 50% aq. EtOH to obtain a homogenous mixture. is was �ltered and acidi�ed with AcOH, and the precipitate was collected, washed with 30% aq. EtOH, and recrystallized from MeOH to give 11. [ 
Results and Discussion
Ever since, the potential of 2-amino-6-nitro benzothiazole has been recognized in the literature [23] [24] [25] for providing an unprecedented opportunity to a chemist in synthesis; it has remained in the mainstay as the evergreen synthon in the synthesis of a wide variety of six-and seven-membered heterocyclic rings. In order that our synthetic plan depicted in Scheme 1 using 2-amino-6-nitrobenzothiazole could succeed to form the indicated heterocyclic rings on the carbonyl compounds with adjacent CH 2 group, the synthesis had to proceed through the formation of the benzothiazole-fused carbazole and azacarbazole derivatives 7 and 8, respectively. e method reported [6, 26] in the literature was adopted for the preparation of N-(6-nitrobenzothiazole-2-yl)-acetamide (2) from 2-amino-6-nitrobenzothiazole (1) . e reduction of its nitro group in the subsequent step gave the N-(6-aminobenzothiazole-2-yl)-acetamide (3) [27] .
It is known from the literature [28] that diazotized arylamines readily condense with 2-(hydroxymethylidine) cyclohexanones under the condition of Japp-Klingernann reaction followed by Fischer indolization to give the tetrahydrocarbazole-4-one derivatives. Using this procedure, the diazotized derivative (4) was condensed with 2-(hydroxymethylidine)cyclohexanones (5) and 3-(hydroxymethylidine)piperidin-4-one (6) (which were prepared [29, 30] in situ from the reaction of cyclohexanone or 4-piperidone with ethylformate and sodium ethoxide) to give 7 and 8, respectively (Scheme 1).
Phenyl hydrazone (c) is the key intermediate from which the carbazole and azacarbazole derivatives 7 and 8 have emerged. e formation of phenyl hydrazone is suggested to take place through the sequence of reaction shown in Scheme 1. It is assumed that phenyl hydrazone is formed by the base catalyzed nucleophilic addition of 5 on the diazonium salt Journal of Chemistry 7 (4) to �rst generate the species (a), which in the subsequent steps forms (b) by the base catalyzed elimination of the formyl ester. e species (b) accepts a proton from the solvent to produce the hydrazone (c) which in the subsequent step undergoes acid catalyzed Fischer indolization to furnish carbazole and azacarbazole derivatives (7 and 8), respectively.
Benzothiazole-fused oxocarbazole (and oxoazacarbazole) oximes underwent Beckmann rearrangement in TCT-DMF under milder conditions to afford azepine (and 1,5-diazepine) derivatives (9 and 10) respectively (Scheme 2).
Benzothiazole condensed oxocarbazole (and oxoazacarbazole) underwent P�tzinger reaction with isatin to give quinoline carboxylic acid derivatives (11 and 12), respectively (Scheme 3).
Conclusion
is study was undertaken on this premise that the presence of each scaffold in tandem, with a different mechanism of action, could allow to form materials possibly with new pharmacological pro�les with action-strengthening effects and toxicity-lowering effects. In summary, the procedure reported herein allowed an easy preparation of quinoline and azepine derivatives. Application of the methodology depicted in Scheme 1 afforded the desired products in good yield. e method was characterized by short reaction time, mild reaction conditions, nontoxic byproduct, and easy reaction workup. It was worth noting that application of this methodology allowed the preparation of the corresponding heteroring annulated compounds (9-12) directly from (7) (8) in one step, in good yield.
